Carotid ultrasound plays a primary role following carotid endarterectomy in the detection of postsurgical complications. Gray-scale, realtime imaging detects and quantifies tissue interfaces and plaque morphology. Doppler spectral analysis provides quantitative and graphic display of blood flow velocity and direction. Color flow imaging identifies areas of disturbed flow and can aid in detecting surface irregularities by the flow disturbances they create. Power Doppler is useful in detecting slow blood flow and characterizing plaque surface. During a carotid endarterectomy, the diseased intima and part of the diseased media are removed. Postoperative complications fall into the 3 following categories and vary with the postoperative time interval. Technical errors occurring within the first month are most often related to surgical problems, such as residual plaque, arterial clamp injury, or an intimal flap. Restenosis postoperatively within the first 3 years results from neointimal hyperplasia, which involves the smooth muscle and fibrous overgrowth of the tissue layer that replaces the intima after surgery. After 3 years, the material causing restenosis is more apt to resemble atherosclerotic plaque with abundant collagen, foam cells, and calcium deposits, and is commonly associated with the development of recurrent atherosclerosis.
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Case Report
A patient in his late sixties was referred for a carotid duplex examination as a 6-month continued follow-up of postoperative bilateral internal carotid endarterectomies 3 years prior. Past medical history indicated that in 1997 he experienced chest pain and was scheduled for triple cardiac bypass. He had a carotid ultrasound preoperatively for asymptomatic bilateral carotid bruits, which demonstrated a 65% to 70% stenosis in the right internal carotid artery and an 80% to 85% stenosis in the left internal carotid artery by the internally validated laboratory criteria. Carotid arteriogram confirmed the duplex findings. He underwent a left internal carotid endarterectomy in 1997.
He remained asymptomatic with a right carotid bruit and had a 6-month follow-up with carotid duplex ultrasound at an outside laboratory. This demonstrated a 75% stenosis in the right internal carotid artery. The left internal carotid artery was widely patent with neointimal irregularity. He subsequently underwent another carotid arteriogram, which confirmed the duplex findings in the right internal carotid artery and normal postendarterectomy morphology on the left. He underwent a right carotid endarterectomy.
A follow-up duplex ultrasound examination performed in 1999 at an outside laboratory demonstrated restenosis of 75% to 80% diameter reduction of the endarterectomized right internal carotid artery and neointimal irregularity without significant lumenal compromise of the endarterectomized left internal carotid artery.
A carotid duplex examination performed in 2000 at an outside laboratory did not demonstrate significant change from the previous examination.
He was evaluated at our laboratory in February 2001 for postendarterectomy follow-up. He remained asymptomatic with a history of hypertension and hypercholesterolemia. Carotid ultrasound was performed using 7-4 MHZ (pulsed Doppler) linear array transducer (L 7-4) on an ATL, highresolution ultrasound system (HDI 3000, Advanced Technology Laboratories, Bothell, WA).
Gray-scale real-time imaging, color flow imaging, Doppler spectral analysis, and power Doppler were all utilized to evaluate any changes in the right and left internal carotid arteries. Two-dimensional realtime, gray-scale imaging of the carotid system demonstrated a large, smooth acoustically homogeneous plaque at the origin of the right internal carotid artery. Diffuse narrowing of the arterial walls proximal and distal to the hypoechoic plaque, at the endarterectomy site, indicated the presence of neointimal hyperplasia ( Fig. 1 ). Spectral analysis demonstrated a peak systolic velocity of 232 cm/s at the stenosis site with pansystolic spectral broadening and an end-diastolic velocity of 78 cm/s (Fig. 2 ). The external carotid artery peak systolic velocity was 125 cm/s. Peak systolic velocity within the common carotid artery was 33 cm/s. The IC/CC ratio was 7.02. According to our internally validated laboratory criteria, these findings indicated a 70% to 90% stenosis of the right internal carotid artery. Two-dimensional real-time, gray-scale imaging of the left internal carotid artery demonstrated no plaque or stenosis. Diffuse, wall thickening (neointimal hyperplasia) was visualized at the endarterectomy site ( Fig. 3 ). Spectral analysis demonstrated a peak systolic of 56 cm/s velocity within the left internal carotid artery with an enddiastolic velocity of 20 cm/s ( Fig. 4) . At the origin of the external carotid, there was calcified plaque with a dampened peak systolic velocity of 46 cm/s. Peak systolic velocity within the left common carotid artery was 30 cm/s. No spectral broadening was noted. The IC/CC ratio was 1.87. These findings were consistent with a normal carotid artery examination according to our vascular laboratory criteria. Vertebral artery flow was antegrade bilaterally.
The patient had a 6-month carotid ultrasound follow-up in August 2001. Gray-scale imaging of the right carotid artery demonstrated an increase of homogeneous plaque in the proximal portion of the internal carotid artery. There was an increase of homogeneous hyperplastic tissue of the arterial walls, at the endarterectomy site ( Fig. 5) . Spectral analysis demonstrated a peak systolic velocity of 446 cm/s at the stenosis site of the right internal carotid artery with pansystolic spectral broadening, twice that recorded in the study performed in February 2001. There was an increase of the end-diastolic velocity to 117 cm/s (Fig. 6 ). Distal to the point of stenosis, spectral analysis demonstrated poststenotic turbulence. The external carotid artery peak systolic velocity was 181 cm/s. Peak systolic velocity within the right common carotid was 52 cm/s. The IC/CC ratio on the right carotid was increased to 8.47. This indicated an increase in the stenosis severity to greater than 90% on the right according to our vascular laboratory criteria.
Gray-scale imaging of the left internal carotid demonstrated mild intimal irregularity postcarotid endarterectomy. There was little change in neointimal wall thickness (Fig. 7) . Peak systolic velocity within the internal carotid artery had in- creased to 87 cm/s with end-diastolic velocity of 30 cm/s, compared with the previous exam. Doppler spectral analysis was normal without spectral broadening noted (Fig. 8) . The peak systolic velocity within the left common carotid was 58 cm/s. These findings suggest the presence of collateral compensatory flow. The IC/CC ratio on the left carotid was 1.50. These findings indicated a normal carotid artery according to our vascular lab criteria. As a secondary finding, there was a total occlusion of the left external carotid artery. Vertebral artery flow was antegrade bilaterally.
The patient remained asymptomatic and will be followed up at 6-month intervals with carotid ultrasound.
Discussion
The normal walls of all arteries consist of 3 distinct layers. The innermost layer is the intima, or epithelial lining of the artery. The middle layer is the media, or muscular layer. The adventitia is composed of loose connective tissue and provides both longitudinal and circumferential support. 1, 2 Ultrasonically longitudinal images of the normal carotid wall show 2 roughly parallel echogenic lines separated by a hypoechoic or anechoic region. The first echo represents the lumen-intima interface. The second echo distal to the hypoechoic zone is caused by the media-adventitia interface. The media lies between the 2 echogenic lines. [3] [4] [5] During carotid endarterectomy, a longitudinal incision is made through the adventitia to expose the outer surface of the diseased intima. The diseased intima is dissected from the surrounding circular fibers of the arterial media. Once the diseased intima is dissected free, it is incised at its junction with the normal intimal tissue. What remains behind is the enlarged chamber at the carotid bifurcation, created by removing the diseased intima and the remaining tapered edges of normal intima. These margins may be smoothly tapered or may contain flaps or step-offs between the margins of the arterial media and adventitia. It is important to identify these intimal margins when examining the postendarterectomized vessel with duplex ultrasound. Other potential sources of intimal defects can be caused by clamps and tapes placed on the vessels for hemostasis and wound exposure. Shunts used to bypass blood flow around the endarterectomy surgical site may also produce intimal dissections and abnormalities. Any large, free intimal edges or flaps that are recognized are corrected during surgery. These flaps are usually sutured to the vessel wall under direct visualization. Once the endarterectomy is complete, the arteriotomy is sutured closed. [6] [7] [8] The 2 types of closure used are direct closure and patch-angioplasty. Direct arteriotomy closure is commonly performed using 6-0 Prolene suture in a running unlocked fashion. The carotid patch graft material is usually an autologous saphenous vein or synthetic graft material such as Dacron or PTFE (polytetrafluoroethylene). Patch grafts are used with a narrow native carotid artery. 7, 9 Postsurgical complications of carotid endarterectomy occurring within the first month are probably related to surgical problems, such as retained plaque, arterial clamp injury, or an intimal flap. 1, 4, 7, 10, 11 The use of intraoperative ultrasound will identify most of these defects prior to wound closure. 4, 6, 8 Under normal circumstances, exposed subintimal collagen initiates both platelet deposition and fibrin clot formation. 12 Blood flow signals demonstrate a harsher pattern with more turbulence due to the exposure of a rough subintimal layer without endothelial lining, thus lending itself to intraplaque hemorrhage formation. 6, 12, 13 Technical error of subintimal suture placement, resulting in narrowing of the carotid lumen, increases the incidence of carotid thrombosis. 7 The presence of intraplaque hemorrhage has been inferred from the presence of hypoechoic areas within the plaque. 12, 13, 15 However, it is also possible that many of these areas are aggregates of lipid (neointima) rather than areas of hemorrhage. 4 Neointimal hyperplasia generally produces diffuse narrowing at the endarterectomy site with propor-tionate elevation of flow velocity and poststenotic flow disturbance. 6, 10 The majority (approximately 70%) of restenosis occurs in the first 2 years following endarterectomy. 8, 10, 16 The main cause of restenosis within the first 3 years is neointimal hyperplasia (smooth muscle and fibrous overgrowth of the tissue layer that replaces the intima after surgery). 10, 14 It should be noted that early restenosis as a result of intimal hyperplasia has been known to regress. 6, 4, 17, 18 The histologic transition from early to late restenosis is a continuous process, with early neointimal hyperplasia gradually giving way to a more atherosclerotic appearance in late-occurring restenosis. The tissue causing restenosis after endarterectomy is not prone to embolization, and most patients remain asymptomatic. In these cases, surgery is performed only to prevent carotid occlusion. 6, 10 After 3 years and assuming an initially normal carotid artery postoperative, the material causing restenosis is more apt to resemble atherosclerotic plaque, with abundant collagen, foam cells, and calcium deposits. Surgery is not contemplated until the recurrent stenosis is 75% to 80% or greater diameter reduction. 4, 10 
Summary
Previous carotid ultrasound results should be obtained for the benefit of correlating any changes in the vessel since the previous examination. 10, 19 As ultrasonographers, it is important to know and be able to identify plaque characteristics. 5, 12 The postendarterectomy carotid bifurcation normally shows absence of the intimal reflection. A small amount of wall thickness (neointima) is usually apparent. The proximal and distal ends of the endarterectomy are marked by the absent intima. 4, 10 In some cases, the sutures used to close the artery may produce focal bright reflections. The distal ends of the endarterectomy are often difficult to visualize on the gray-scale image; however, flow disturbances resulting from an intimal flap or distal endarterectomy stenosis should be readily apparent. 6, 9, 10 Neointimal hyperplasia generally produces diffuse narrowing at the endarterectomy site with proportionate elevation of flow velocity and post-stenotic flow disturbance. The same velocity criteria are used for diagnosis of postoperative stenosis as are used preoperatively. 10 Biannual and annual sonograms will determine the progression of atheroma in the endarterized vessel. 6, 16 
